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Introduction
First reported in 1941 [1] , an increase in lobular carcinoma in situ (LCIS) incidence has been described, from 2.0 per 100,000 women in the year 2000 to 2.75 per 100,000 in 2009 across the United Sates [2] . Unlike ductal carcinoma in situ (DCIS), LCIS is typically confined to lobules and terminal ducts of the breast and is usually found incidentally in biopsy specimens [3] . Women with LCIS showed a 7 to 10 fold increase in the risk of developing subsequent breast cancers compared with the general population [4] [5] [6] , and LCIS women have significantly higher incidence rates of second invasive breast cancer andcontralateral breast cancer than women with DCIS [7, 8] . Modern management of LCIS includes surveillance, risk reduction via chemoprevention, and bilateral prophylactic mastectomy.
Breast cancer is recognized as a heterogeneous group of malignancies, and hormone receptor (HR) status of tumor is correlated with substantial variation in breast cancer incidence, as well as survival rates [9] . Similar to invasive lobular breast cancer, LCIS also has different subtypes according to biomarker profiling such as HR status [10] . Approximately 96% to 98% LCIS have been reported to be HR positive [11] [12] [13] . Prior studies have demonstrated that the risk of second contralateral breast cancer after first primary invasive breast cancer varied with HR status of primary tumor; they found that HR negative invasive ductal or lobular breast cancer women had a significantly higher risk of developing second contralateral breast cancer than women with HR positive invasive breast cancer [14] [15] [16] . Although subsequent breast cancer risk after primary LCIS has been studied intensively [8, 6, 7, 5, 4, 17] , whether the risk of second breast cancer after first primary LCIS varies with HR status of primary tumor remains unclear so far. Therefore, here we quantified risks of second breast cancers among LCIS survivors according to HR status in a large cohort of women with LCIS diagnosed between 1998 and 2007 in the National Cancer Institute's Surveillance, Epidemiology and End Results (SEER) 18 registries, controlling for age at diagnosis, calendar year of diagnosis, clinicopathogical characteristics, and treatment patterns.
Materials and methods

Study participants
We analyzed primary pure unilateral LCIS (International Classification of Diseases for Oncology, 3rd edition [ICD-O-3] histology codes 8520)female patients diagnosed between January 1, 1998 and December 31, 2007 with no cancer history that were reported in the SEER 18 Registries. The National Cancer Institute's SEER program collects information on cancer incidence, survival, as well as patient demographics from several geographically defined regions in the United States. We selected women between the ages of 20 and 84 who were diagnosed with LCIS and survived at least 6 months. Patients older than 84 years of age were excluded to avoid confounding influence of under-reported second breast cancers, competing medical comorbidities, and limited life expectancies. We excluded cases derived only from death certificates or autopsy. Second breast cancers diagnosed within 6 months of primary LCIS diagnosis were excluded as these were likely to be pre-existing or synchronous cancers. Patients with bilateral mastectomy were excluded as well. In addition, since women treated with unilateral mastectomy experience extremely low risk of ipsilateral breast tumors (IBTR), we excluded women with unilateral mastectomy for their first LCIS in the analysis of second ipsilateral breast cancers (IBCs) [7] . The reason we selected patients diagnosed from the year 1998 was that data on whether or not women were treated with a unilateral mastectomy or a bilateral mastectomy was available from SEER only from 1998. HR status of breast cancers was defined as follows: positive (estrogen receptor (ER) or progesterone receptor (PR) positive), negative (ER and PR negative), and unknown (ER negative and PR unknown, ER unknown and PR negative, or both ER and PR unknown); ER or PR positive groups included those with borderline results [18] . Thus, a total of 1,116 primary LCIS women with unknown HR status were further excluded. Follow-up continued until date of diagnosis of any second breast cancer, death from any cause, date of last known vital status, or end of study (December 31, 2013).
All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Data within the SEER were rendered anonymous, so the study was exempt from review by the Sun Yat-sen Memorial Hospital Institutional Review Board, and no consent was needed in this study.
Statistical analysis
Second breast cancer was defined as invasive breast cancer or breast carcinoma in situ diagnosed at least 6 months after first primary LCIS. The outcomes included second ipsilateral breast cancers (IBCs), and second contralateral breast cancers (CBCs). The demographic,clinicopathologic, and treatment characteristics were compared between patients with HR positive primary LCIS and those with HR negative tumor using chi-square test. In the SEER, some variables (eg. histologic grade) contain missing data. We considered the missing data as "unknown" for all the statistical tests. Kaplan-Meier estimates of 5 or 10-year probabilities of IBCs and CBCs were calculated, with P values given by log-rank test. Multivariable Cox proportional model was performed to identify the impact of HR status of primary LCIS, and other demographic, clinicopathologic or treatment characteristics on risk of second IBCs or CBCs. We used the Schoenfeld's global test to test proportional hazards assumption of Cox model. If there were covariates not fitting the proportional hazards assumption, stratified Cox regression model will be used. Akaike information criterion (AIC) were calculated, and likelihood ratio test was used to select the best regression model. Statistical analyses were conducted using Stata 12.0 software (StataCrop, College Station, TX). All statistical tests were two-sided, and statistical significance was defined as P< 0.05.
Results
Patient characteristics
Of the 10,304 women with primary LCIS included in this study, 9949 (96.5%) patients had HR + tumors, and 355 (3.5%) had HR-tumors. Most women (78.5%) were diagnosed after the year of 2000. Table 1 shows the demographic, clinicopathologic characteristics and treatment features for women with HR+ or HR-tumors. No difference was found between the two groups with respect to age at LCIS diagnosis, race, and laterality. The differences for year of diagnosis, histologic grade of first LCIS, first tumor size, surgery type and receiving of radiation for first LCIS between two groups of patients were statistically significant (P<0.05 for all comparisons), which might be partially explained by large sample size of the study. When compared with patients who had HR+ LCIS, women with HR-LCIS were diagnosed less after 2004, had higher grade (poorly or undifferentiated) tumor, larger tumor size (>2cm), received more mastectomy, and less radiotherapy.
IBCs
In the analysis of second IBCs, we excluded women with unilateral mastectomy for their first LCIS because women treated with unilateral mastectomy experience extremely low risk of IBTR. Among 6589 women treated with breast-conserving surgery or with no surgical therapy, 100 (1.5%) developed IBCs during a median follow-up of 109 months (range 6-191 months). Among these IBCs, 49 (49.0%) were invasive cancer, and 51 (51.0%) were carcinoma in situ. There was a difference in the cumulative incidence of IBCs between women with HR+ and HR-primary LCIS, although it is only marginal statistically significant: the 5-year and 10-year rates were 0.3% and 1.4%, respectively in women with HR+ LCIS, compared with 0.5% and 3.0%, respectively in those with HR-LCIS ( Fig 1A , P = 0.059). We further analyzed whether HR status of primary LCIS was differentially associated with types of IBCs. We found that patients with HR-LCIS had a significantly higher risk of second invasive IBCs compared to those with HR+ LCIS (Fig 1B, P = 0 .009), while there was no statistical difference in risk of second ipsilateral carcinoma in situ between women with HR+ and HR-primary LCIS (Fig 1C ,
Multivariable-adjusted analyses showed that although there was no difference in risk of total second IBCs between women with HR+ and HR-primary LCIS (Table 2 , P = 0.152), patients with HR+LCIS had a statistically lower risk of second invasive IBCs compared to those with HR-LCIS ( Table 2 , hazard ratio 0.356, 95%CI 0.141-0.899, P = 0.029). Not surprisingly, receiving of surgical treatment and radiotherapy significantly correlated with a lower risk of total or invasive IBCs (Table 2) , and young age (< 50 years) was associated with a higher risk of second total or invasive IBCs (Table 2) . Black women had a 2-fold risk of developing subsequent total IBCs than white women ( Table 2 , P = 0.028). Interestingly, women diagnosed with LCIS after the year 2000 showed significantly lower risks of total IBCs and invasive IBCs compared with those who was diagnosed between 1998 and 2000 (Table 2 ).
CBCs
A total of 280 (2.7%) patients suffered from second CBCs among 10,304 women with primary LCIS during a median follow-up of 109 months (range 6-191 months). Of these CBCs, 137 (48.9%) were invasive cancer, and 143 (51.1%) were carcinoma in situ. There was a significant difference in the cumulative incidence of total CBCs between women with HR+ and HR-primary LCIS: the 5-year and 10-year rates were 1.2% and 2.5%, respectively in women with HR + LCIS, compared with 3.0% and 7.2%, respectively in those with HR-LCIS (Fig 2A,  P<0.001) . We also analyzed whether HR status of primary LCIS was differentially correlated with types of CBCs. Women with HR-LCIS had a much higher risk of second invasive CBCs compared to those with HR+ LCIS (Fig 2B, P<0.001) , whereas there was no statistical difference in risk of second ipsilateral carcinoma in situ between the two groups of women (Fig 2C,  P = 0.855) . Multivariable-adjusted analyses found that women with primary HR+ LCIS had significantly lower risks of both second total CBCs and invasive CBCs compared to those with HR-LCIS (Table 3 , total CBCs when stratified by laterality and surgery type: hazard ratio 0.340, 95% CI 0.228-0.509, P<0.001; invasive CBCs: hazard ratio 0.172, 95% CI 0.108-0.274, P<0.001). In addition, patients treated with surgery showed a lower risk of second total or invasive CBCs compared to those with no surgical therapy (Table 3) . Similar to IBCs, women diagnosed with LCIS after 2000 had significantly lower risks of total CBCs and invasive CBCs compared with those who was diagnosed between 1998 and 2000 (Table 3) .
Discussion
This population-based study, the first and largest dataset addressing therisks of second breast cancers among LCIS survivors according to HR status to date, demonstrated that the risk of second invasive breast cancers was significantly increased in women with HR-first primary LCIS compared to those with HR+ LCIS after adjustment for demographic, clinicopathologic, and treatment factors, regardless of whether the outcome was ipsilateral or contralateral breast cancer. And patients with HR-first LCIS had a significantly higher risk of second total CBCs compared to those with HR+ LCIS as well. https://doi.org/10.1371/journal.pone.0176417.g002 Table 3 . Impact of HR status of first primary LCIS, and other demographic, clinicopathologic or treatment characteristics on risks of second contralateral breast cancers by multivariable-adjusted analyses (n = 10304). These findings expand the limited body of literature on the risk of second breast cancers after primary LCIS because the current study is the first report using SEER data quantified risks of subsequent breast cancers among LCIS survivors according to HR status of primary LCIS. Prior studies only focused on the comparison of second breast tumor risks between patients with primary LCIS and those with DCIS, or between LCIS women with and without chemoprevention [8, 6, 7, 5, 19, 20] . Similar to the disparity in second breast cancer risk between women with HR+ and HR-first primary LCIS observed in this study, patients with different HR status of primary invasive ductal or lobular breast cancers also been reported to have distinct risks of second contralateral breast cancer [14] [15] [16] . Analogously, these studies investigated that HR-invasive breast cancer women had a significantly higher risk of subsequent CBCs than women with HR+ invasive breast cancer. Preclinical studies have found that breast cancer stem cells show an HR-phenotype [21, 22] , HR-breast cancer patients might be prone to carcinogenesis early in the breast cell maturation process. Another explanation for the higher risk of second breast cancers after HR-LCIS is that some of these women may carry BRCA mutations. 60% to 90% of BRCA1-associtaed breast cancers are HR negative, and these patients have a much higher risk for developing a second breast cancer [23] [24] [25] .
Factors
Interestingly, we observed that risks of second CBCs and IBCs varied by year of first LCIS diagnosis. After adjustment for other demographic,clinicopathologic and treatment factors, women who were diagnosed after the year of 2000 had significantly lower risk of subsequent breast cancers compared with those diagnosed between 1998 and 2000. This reduced second breast cancer risk after primary LCIS diagnosis over time may be resulted in by the increased use of chemoprevention for LCIS patients in 2000s after reports of National Surgical Adjuvant Breast and Bowel Project (NSABP) P-1 and P-2 trials [26, 27] . Unfortunately, it was not possible for us to further assess the exact impact of chemoprevention on the risk of second breast cancers due to the lack of chemoprevention information in SEER database. In addition, our observation that the significantly reduced subsequent breast cancer risk after 2000 could explain why the 5-year and 10-year cumulative incidences in this study were slightly lower than those incidences reported in prior study using SEER data [17] . Because the prior SEER study included women who were diagnosed for primary LCIS between 1973 and 1998, these women may have higher risk of second breast cancers compared to the patients in our study, most of (78.5%) whom were diagnosed after the year of 2000.
In the current study, the risk of second IBCs among LCIS survivors varied by race. Black women had a 2-fold risk of developing subsequent ipsilateral breast tumors than white women. This is consist with prior analyses using SEER database to compare the risks of second breast cancers after first primary DCIS or invasive ductal and lobular breast cancers between blacks and whites [28, 29, 16] . Therefore, black women with LCIS may need more follow-up and MRI-based breast screening. We have not found any statistical differences in second CBC risk between black and white women in this study, however, further studies are needed to help better understand the impact of race on risk of second CBCs after first primary LCIS.
Although this is the first population-based study defining the risks of second breast cancers among LCIS survivors according to HR status, and it affords large statistical power and representative results, some limitations warrant consideration. Similar to other studies that relied on SEER database, the lack of information on family cancer history, several critical lifestyle and clinicopathological characteristics (diet, hormone replacement, body mass index (BMI), surgical margin status, etc), inherited genetic mutations, and chemoprevention for first LCIS limited our ability to further assess the risk of second breast cancers. Moreover, a general limitation for population-based study is the possibility of underreporting and imperfect ascertainment. The incidences of second breast cancers are generally underestimated. In addition, the pathology and HR reporting particularly in the early part of the study series might not be accurate, which may have impact on some of the results. The lower percentage of HR-cases after 2004 and the reduced second breast cancer risks after primary LCIS diagnosis in later cohorts could be partially explained by improved immunohistochemistry testing and more accurate pathology review over time.
In conclusion, our finding that women with a first primary HR-LCIS have significantly elevated risk of developing second breast cancers has important implications for routine clinical management. HR-LCIS women may also need chemoprevention and more intensive posttreatment follow-up. Furthermore, the observation that black women with LCIS had a 2-fold risk of developing subsequent IBCs than white women suggests that black women with LCIS warrant more surveillance as well. Further studies should focus on identifying the differences of genetic and biological characteristics that contribute to outcome disparities between HRand HR+ LCIS, in order to target screening, prevention, as well as treatment strategies more effectively.
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